To evaluate the effect of age and chosen factors related to aging such as dentition, muscle strength, and nutrition on masticatory muscles electromyographic activity during chew ing in healthy elderly women. Background: With longer lifespan there is a need for maintaining optimal quality of life and health in older age. Skeletal muscle strength deteriorates in older age. This deterioration is also observed within masticatory muscles. Methods: A total of 30 women, aged 68-92 years, were included in the study: 10 indivi duals had natural functional dentition, 10 were missing posterior teeth in the upper and lower jaw reconstructed with removable partial dentures, and 10 were edontoulous, using complete removable dentures. Surface electromyography was performed to evaluate masticatory muscles activity. Afterwards, measurement of masseter thickness with ultrasound imaging was per formed, body mass index and body cell mass index were calculated, and isometric handgrip strength was measured. Results: Isometric maximal voluntary contraction decreased in active masseters with increas ing age and in active and passive temporalis muscles with increasing age and increasing body mass index. In active masseter, mean electromyographic activity during the sequence (time from the start of chewing till the end when the test food became ready to swallow) decreased with increasing age and during the cycle (single bite time) decreased with increasing age and increasing body mass index. In active and passive temporalis muscles, mean electromyographic activity during the sequence and the cycle decreased with increasing age, increasing body mass index, and loss of natural dentition. Individuals with natural dentition had significantly higher mean muscle activity during sequence and cycle in active temporalis muscles than those wearing full dentures and higher maximal activity during cycle in individuals with active and passive temporalis muscles than in complete denture wearers. Conclusion: Decrease in electromyographic activity of masticatory muscles in elderly women is related to age, deterioration of dental status, and body mass index.
Background
Agerelated loss of muscle strength and function may lead to decline in physical performance. It results from the loss of muscle mass and the qualitative impairment of the muscle tissue with increasing age. 1 Similar changes are observed in mastica tory muscles. Palinkas et al recorded a gradual decrease in thickness of masseters at rest and maximal voluntary contraction (MVC) in a study group consisting of people aged .60 years. 2 Cecilio et al stated that electromyographic activity of masticatory muscles decreases in adulthood with advancing age.
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Raadsheer et al suggest the same general influences on the size of jaw muscles and limb muscles, but direct relationship between the strength of those muscles was not confirmed. 4 The influence of an inflammatory component and nutrition is discussed in this study. Low physical performance and inflammatory states are associated with decreased hand grip strength (HGS). Additionally, significant positive corre lation between HGS and body mass index (BMI) was found. 5 Handheld dynamometry and bioelectrical impedance analysis provide a valid and reliable measurement of muscle strength and muscle mass, respectively. 6 Missing teeth might be the measure of the past appearance of oral inflammation. 7 One of the most commonly applied measurements of nutritional status is BMI. As the greater compartment of fat mass is recorded in the body composition of older individuals, more precise measurements of the metabolically active component of fatfree mass, calculated as a body cell mass index (BCMI), were applied in our study. A decrease in body cell mass in the elderly is greater than fatfree mass and appendicular skeletal muscle mass. 8 Moreover, low BCMIs are observed in some pathological conditions with muscle mass depletion. 9 In the present study, we want to assess to what extent those factors affect masticatory muscles and if there exists a relationship between impaired masticatory muscle function and other muscles, observed in advanced age. To keep the study more uniform, we decided to use a female population aged .65 years.
Objectives
To investigate the effect of age and chosen factors related to aging, such as dentition, muscle strength, and nutrition on masticatory muscles electromyographic activity during chewing in healthy elderly women.
Methods subjects
Participants were recruited from the students of The Univer sity of the Third Age in Zgierz in 2014. The inclusion and exclusion criteria are presented in Table 1 .
From 73 volunteers, 30 women, aged 68-92 years were included in the study. In the first stage 10 individuals with natural functional dentition, fulfilling inclusion criteria, were selected. In the second stage, 10 participants with missing posterior teeth in upper and lower jaws reconstructed with removable partial dentures and 10 edentulous participants using complete removable dentures, fulfilling the above mentioned criteria, as well as being similar in age to those with natural dentition, were matched.
The study was approved by the Ethics Committee at the Medical University of Lodz, Poland, decision number RNN/181/13/KB. All participants provided their written informed consent to participate in the study.
Protocol surface electromyography
To start each trial, the test food was placed on the tongue by the examiner. The subject then closed the teeth into occlusion keeping the test food between the tongue and started unilat eral chewing when the signal was given. The test food was chewed until the participant decided it was ready to swallow. This phase is one sequence. Participants were asked not to move their heads during the recordings, controlled by three observers. Two 15minute sessions were held for each indi vidual. The first session was held to familiarize subjects with the experimental protocol. Only data from the second session were analyzed. During each session, the participant chewed three samples of test food (blanched California almond). Blanched almond in standard one size (23×11 mm) was cho sen as the test food for the study because it has a convenient size and texture, as well as being natural and better accepted by participants than Optosil tablets.
The skin over the left and right masseter and anterior tem poralis muscles was shaved and cleaned with alcohol. The electromyography sensors were placed on the skin with the use of pediatric electrocardiogram round Ag/AgCl pregelled surface electrodes of 30 mm diameter. Electrodes placement was consistent with SENIAM recommendations. 10 Muscle activity was evaluated with BTS FREEEMG300 (BTS Bioengineering, Milan, Italy) and data were subsequently processed with the SMART analyzer version 1.10.0225 using a 20Hz highpass Butterworth filter, 450Hz low pass Butterworth filter, fullwave rectification, and root 
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electromyographic activity of masticatory muscles in elderly women mean square with a time window of 300 milliseconds. The patients were examined three times: during rest -without chewing, during isometric MVC, and during chewing. Prior to the test, resting values were collected for a period of 10 seconds. Single isometric MVC was examined over a period of 20 seconds. The maximum peak during MVC was calculated. The seating position was standardized. The chewing movement was tested three times (three sequences were recorded).
The following parameters were calculated for each masseter and pterygoid muscle: mean, minimum, maximum muscle activity at rest; muscle activity during isometric MVC; mean muscle activity in relation to MVC; chewing sequence time (time from the start of chewing till the end when the test food became ready to swallow); cycle time (single bite time); the number of bites during chewing sequence; mean, minimum, maximum muscle activity during single bite; and mean, minimum, maximum muscle activity during chewing sequence.
The difference between masseter muscle thickness at rest and MVC (DMMT)
Measurements of masseter muscles thickness at rest and in MVC with ultrasound imaging were performed unilaterally at the active side (preferred for chewing). The subject sat in an armchair without head support, so the Frankfurt sur face was parallel to the ground and the 6MHz lineararray transducer was placed perpendicular to the mandible ramus over the thickest part of the masseter, previously found by palpation, using a realtime ultrasound scanner (Micromaxx SonoSite Inc., Bothell, WA, USA). The difference between masseter muscle thickness at rest and MVC was calculated and analyzed.
BMI
BMI was calculated using body mass in kilograms divided by the square of body height in meters. Height was calculated using demispan measurement protocol. 11 
BCMI
With Bodycomp MF Plus Akern, according to the manufac turer's guidelines, body impedance was measured. Electrodes were placed on a single foot and hand on the same side of the patient who was in a relaxed supine position. The device operated in frequencies ranging from 5 to 50-100 kHz.
In 
statistical analysis
Using STATISTICA version 10.0 software, analyses were performed to assess the association between masticatory muscles electromyographic activity and the following fac tors: age, dentition, BMI, BCMI, HGS, and DMMT.
Multivariate models were constructed with forward vari able selection with Akaike's criterion. The following models were tested with one explanatory variable, and from these models one with the lowest values of the Akaike's criterion was chosen. Next, using the previously chosen model with one of the explanatory variables another variable was added. The procedure added the following variable to the model, until the moment the following variables did not diminish the Akaike's criterion. In the model the remaining respective variables with a P-value from Student's ttest of .0.05 were added, providing that their presence improve the model.
Results
Demographic data and mean values of studied parameters are presented in Table 2 . There were no statistically significant differences in BMI between dental categories groups. Six 12 Mean DMMT decreases with age. Each year it diminishes by 0.089 mm (P=0.049). There were no statistically sig nificant differences in DMMT between dental categories groups ( Table 2) .
MVC decreased in the active masseter with increasing age and in active and passive temporalis muscles with increasing age and increasing BMI (Table 3) .
Mean muscle activity (µV)
Mean electromyographic activity during the sequence decreased in the active masseter with increasing age and in active and passive temporalis muscles with increasing age, increasing BMI, and loss of natural dentition (Table 4) .
Similarly, mean electromyographic activity during the cycle decreased in the active masseter with increasing age and increasing BMI and in active and passive temporalis muscles with increasing age, increasing BMI, and loss of natural dentition (Table 4) .
Maximal muscle activity (µV)
Maximal electromyographic activity during the sequence decreased in the active temporalis muscle with increasing age, increasing BMI, and loss of natural dentition and also at the same time, decreased in passive temporalis muscle with increasing age and decreasing BCMI (Table 5) .
Maximal electromyographic activity during the cycle decreased in the active masseter with loss of natural denti tion and at the same time, decreased in active and passive temporalis muscles with increasing age, increasing BMI, and loss of natural dentition (Table 5) .
Individuals with natural dentition had significantly higher mean muscle activity during sequence and cycle in active temporalis muscles (50.856±23.746 and 51.752±24.113) than those wearing full dentures (25.164±13.001 and 25.844±13.291) and higher maximal activity during cycle in individuals with active and passive temporalis muscles (77.701±34.246 and 59.803±48.997) than in complete denture wearers (33.862±19.411 and 29.392±13.948).
Statistically significant associations were not found between mean muscle activity in the sequence (%MVC), sequence time, single bite time, mean number of bites in the sequence nor the following descriptive variables: age, dentition, DMMT, BMI, BCMI, and HGS.
Discussion
Surface electromyography is a good objective method of masticatory muscles activity evaluation. 13 Masticatory per formance (food break down in a bolus ready to swallow) is not correlated with muscle effort, but is correlated with MVC.
14 However, numerous studies have shown that direct influence of age on masticatory performance is limited, but electromyographic activity decreased with advanced age. 2, 3, 15, 16 In our study, we observed MVC and mean activity during the 
115
electromyographic activity of masticatory muscles in elderly women chewing sequence and single bite, decrease with advanced age. This suggests masticatory performance deterioration with increased age of the studied elderly women, also in those with natural dentition. With advanced age, muscle mass and muscle mechanical performance are impaired. 17 Additionally, diminishing of crosssectional area of masseters and medial pterygoids with age has been reported. 18 We also noticed a gradual decrease in masseter muscle thickness at rest and MVC with increasing age. Muscle crosssectional area is more strongly affected by age and sex than diabetes. 9 Moreover, with decreasing crosssectional area of the masseters a maximum bite force decreases. 15 There were no statistically significant DMMT differences between dental categories groups; in complete removable denture wearers, we observed lower muscle activity during chewing than in individuals with functional natural dentition.
However, the effect of postcanine tooth units and bite force on masticatory performance is significant (mastica tory performance is worse in subjects wearing complete or partial removable dentures); individuals with missing teeth and impaired masticatory function do not chew longer than individuals with no missing teeth. This suggests compen sation by swallowing larger particles of food or avoiding difficulttochew foods. 15 This statement is in agreement with our results. The number of cycles and duration of sequence did not change with increasing age. 13 Besides age and compromised dentition, mastica tory muscles activity in elderly women is related to their nutritional status. Our results suggest that having BMI in normal range can be associated with higher muscle activity during chewing. In our study, BCMI did not appear to be as important a factor as BMI concerning masticatory muscle activity. Body cell mass measurement with electrical bio impedance has been used by other authors to assess skeletal muscle function, and this has shown that low body cell mass is associated with poor nutrition, low muscle strength, and reduced functional performance. 19 A relationship between masticatory function, dietary selection, and nutritional intake is essential for maintaining musculoskeletal function. 20 A positive relationship has been shown to occur between body cell mass and HGS. 21, 22 Moreover, HGS was found to be significantly correlated with the strength and power of the muscles of the lower limbs, the crosssectional size of the Achilles tendon, and knee bending torque. 23 Hämäläinen et al observed a correlation between HGS and the number of teeth present in a group of elderly men, but they did not find an association between the number of teeth and change in HGS over the course of 5 years of followup. 7 We have not found association between masticatory muscles activity and HGS, although in our previously conducted study, HGS was positively correlated with strong masseter muscle tension. 24 
Conclusion
Decrease in electromyographic activity of masticatory muscles in elderly women is related to age, deterioration of dental status, and body mass index. Age and dental status influence masticatory muscle activity mainly at the active chewing side.
Further study is needed to verify our preliminary results as to whether being obese or overweight is associated with lower temporalis muscles activity during chewing.
